Monodelphis (short-tailed opossums) is the most speciose South American marsupial genus, wtih species distributed from Panama to Argentina. The goal of the present study was to analyze levels and patterns of genetic variation in M. brevicaudata (Guianan short-tailed opossum), M. dimidiata (yellow-sided opossum), M. domestica (gray short-tailed opossum), and M. kunsi (pygmy short-tailed opossum) using sequences of the mitochondrial cytochrome b (Cytb) and nuclear interphotoreceptor retinoid-binding protein (IRBP) genes from individuals sampled in the Amazon, Cerrado, Caatinga, Atlantic Forest, and Pampa biomes in Brazil. Species relationships also were analyzed using sequences of 9 other Monodelphis species retrieved from GenBank and representing 3 localities in Brazil and 17 sites in other South American countries. M. domestica and M. brevicaudata showed phylogeographic structure, but M. dimidiata and M. kunsi did not. Maximum parsimony, maximum likelihood, and Bayesian algorithms showed similar topologies for estimated phylogenetic trees. Analyses of individual genes produced comparable results, but combined loci produced trees with higher support. All Monodelphis haplotypes were monophyletic, with M. emiliae (Emilia's short-tailed opossum) sister to all other species, which form 2 groups. M. brevicaudata (from the Amazon) forms a well-supported clade with M. domestica (which occupies several biomes) and 2 unidentified Amazonian species. The other branch has M. kunsi (from the Cerrado) as sister to a well-supported clade of 5 Amazonian species.
The monophyly of Monodelphis has been supported by morphological and karyological investigations (Creighton 1984) , morphological data (Hershkovitz 1992) , DNA hybridization analyses (Kirsch and Palma 1995) , and DNA sequence studies (Jansa et al. 2006; Jansa and Voss 2000; Lim et al. 2010; Patton et al. 1996; Steiner et al. 2005; Voss and Jansa 2003) . Gardner (2005) accepted 18 species. In a recent revision Pine and Handley (2007) extended this list to 20 named and 9 unnamed species. Solari (2007) included 1 additional species.
Although some species of Monodelphis have been studied intensively as model organisms for biomedical research, the relationships, species boundaries, and biogeographic patterns of most are not completely resolved. Patton and Costa (2003) examined molecular data from 25 individuals representing 8 species of Monodelphis; however, resolution was poor in their phylogenetic analysis, except for the grouping of M. brevicaudata and M. domestica in parsimony trees. Molecular affinities within the M. adusta complex were analyzed by Solari (2007) and Lim et al. (2010) . Patton and Costa (2003) and Steiner and Catzeflis (2004) reported unusually high genetic distances among Monodelphis species.
Because these animals are used for biomedical research, it is necessary to clarify the phylogeographic patterns among their populations. If substantial geographic structure exists, use of laboratory lineages from different areas could complicate the interpretation of experimental results (Wilson et al. 2001) . We investigated sequences of the mitochondrial cytochrome b (Cytb) and nuclear interphotoreceptor retinoid-binding protein (IRBP) genes to determine levels and patterns of genetic variation in 4 species of Monodelphis from several Brazilian biomes. Our specific aims were to study the phylogeographic structure of M. brevicaudata, M. dimidiata, M. domestica, and M. kunsi; determine whether any of these species are complex taxonomic entities; and elucidate phylogenetic relationships among these and 9 other Monodelphis species whose sequences were available in GenBank. We also attempted to evaluate the implications of population structure for management and conservation priorities of these taxa.
MATERIALS AND METHODS
Specimens analyzed.-We used sequences from both mitochondrial and nuclear genomes. Cytb and IRBP genes were chosen because they have been successfully used in other studies of Monodelphis (Jansa et al. 2006; Jansa and Voss 2000; Lim et al. 2010; Solari 2007; Steiner and Catzeflis 2004; Voss and Jansa 2003) .
The analyses included 108 ingroup sequences (Table 1) : partial Cytb (640 base pairs [bp] ) from 51 exemplars of M. brevicaudata, M. dimidiata, M. domestica, M. kunsi, and 2 unidentified Monodelphis species (Monodelphis sp. 1 and sp. 2) from 17 localities in the Brazilian biomes (according to ftp://ftp.ibge.gov.br/Cartas_e_Mapas) of Cerrado, Atlantic Forest, Caatinga, Amazon, and Pampa (Fig. 1) ; 41 Cytb sequences of M. adusta, M. brevicaudata, M. emiliae, M. handleyi, M. reigi, M. osgoodi and M. peruviana retrieved from GenBank; 16 fragments (approximately 1.2 kb) from exon 1 of IRBP (11 sequenced by us and 5 from GenBank). Sequences from Marmosa murina and Micoureus demerarae were chosen as outgroups because they are the closest relatives of Monodelphis (Jansa et al. 2006; Jansa and Voss 2000; Patton et al. 1996; Steiner et al. 2005) .
Skins and skulls from the specimens examined are stored in the Mammals Collection of the Museu Nacional, Rio de Janeiro, and the Universidade Federal da Paraíba, João Pessoa, Brazil (Appendix I). The exemplars we sequenced were karyotyped previously (Carvalho et al. 2002) . All field procedures met the guidelines established by Northern Illinois University Institutional Animal Care and Use Committee and guidelines approved by the American Society of Mammalogists (Gannon et al. 2007) .
Analysis of nucleotide sequences.-DNA was extracted from kidneys, heart, liver, and muscles (kept at 220uC or in Solari (2007) . b Jansa and Voss (2000) . c Voss and Jansa (2003) . d This work. e Steiner and Catzeflis (2004) . f Patton et al. (1996) . g Lim et al. (2010) . h Voss and Jansa (2003) . i Mesic enclaves within the semiarid Caatinga. 70% ethanol), using the standard protocol described by Medrano et al. (1990) . Cytb sequences were amplified by the polymerase chain reaction (PCR) using primers MVZ 05 (light-strand) and MVZ 16 (heavy-strand) as described by Smith and Patton (1993) . The IRBP fragment was amplified using primers A and D1 according to Jansa and Voss (2000) . PCR products were purified with exonuclease I and shrimp alkaline phosphatase and directly sequenced using PCR primers and the ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, California), according to the manufacturer's instructions. Both DNA strands were sequenced in an ABI Prism 3100 Genetic Analyzer (Applied Biosystems). Sequences of all haplotypes are available in GenBank (Table 1) .
Data analysis.-Sequences were visually checked and corrected using CHROMAS 1.45, aligned with Clustal X 1.81 (Thompson et al. 1997 ) using the default settings, and manually corrected with GeneDoc (Nicholas and Nicholas 1997) . A saturation test was carried out using the Data Analysis in Molecular Biology and Evolution software package (DAMBE-Xia and Xie 2001). Kimura 2-parameter distances (K2P-Kimura 1980) and base compositions were obtained with the Molecular Evolution Genetics Analysis software package (MEGA 4-Tamura et al. 2007) .
Estimates of haplotype (h) and nucleotide (p) diversity among individuals of each species (M. domestica, M. brevicaudata, M. kunsi, and M. dimidiata) were calculated by DnaSP version 3.0 (Rozas and Rozas 1999) . A medianjoining network was constructed using Network 4.1.1.2 (Bandelt et al. 1999 ) to depict phylogenetic and geographic relationships among Cytb sequences. Hierarchical analyses of genetic diversity were carried out using analysis of molecular variance (AMOVA- Excoffier et al. 1992) . AMOVA, Mantel's tests, and mismatch distributions were implemented by Arlequin 2000 (Schneider et al. 2000) .
Phylogenetic analysis was carried out using maximum likelihood (ML), implemented by PHYML v2.4 (Guindon and Gascuel 2003) , and by Bayesian inference (BI) using MrBayes 3.0b4 (Huelsenbeck and Ronquist 2001) . Models of DNA substitution were selected by ModelTest 3.06 (Posada and Crandall 1998) . For BI, no a priori assumptions about tree topology were made, and all searches were provided with a uniform prior. The Markov chain Monte Carlo process was adjusted so that four chains were run simultaneously for 10,000,000 generations, displaying trees every 100 generations, for a total of 100,000 trees. The first 100,000 generations were considered burn-in and discarded. All runs used the default heating and swap parameters. Maximum parsimony (MP) analyses were performed by heuristic search with tree bisection-reconnection branch swapping, the MUL-PARS option, and 100 random-addition replicates using PAUP* v.4.0b10 (Swofford 2001) . Bootstrap statistical support (Felsenstein 1985) was obtained from 1,000 replicates using heuristic searches, simple taxon addition, and the alltrees-saved option.
Cytb and IRBP fragments were treated as single partitions. To detect character conflict between them the incongruence length difference (ILD) test (Farris et al. 1995) was performed with WINCLADA version 1.00.08 (Nixon 2002) . Cytb and IRBP were combined subsequently for analysis. Eisenberg and Redford (1999) , Fonseca et al. (1996) , Lim et al. (2010) , Pine and Handley (2007) , and Solari (2004 Solari ( , 2007 , with modifications. Numbers indicate the sample collection sites (coordinates are in Appendix I). Circles represent the exemplars collected by us and triangles the samples retrieved from GenBank. 1. Loreto, Peru; 2. Pastaza, Ecuador; 3. Potoro-Sipurami, Guyana; 4. Barima-Waini, Guyana; 5. Baramita, Guyana; 6. Caroni, Venezuela; 7. Tartarugalzinho, Brazil; 8. Säul, French Guiana; 9. Macouria, French Guiana; 10. Nickerie, Surinam; 11. Saramacca, Surinam; 12. Charqueadas, Brazil; 13. Terra de Areia, Brazil; 14. Riozinho, Brazil; 15. 20 km NW Colinas do Sul, Brazil; 16. Fazenda Regalito, Brazil; 17. Ipameri, Brazil; 18. Minaçu, Brazil; 19. 55 
RESULTS
Characteristics of sequences and genetic distances. Table 1 ). The M. domestica and M. brevicaudata clades are shown separated in b) and c), respectively. For each terminal sequence accession numbers, locality, and haplotype number are given. Marmosa murina and Micoureus demerarae were outgroups. average genetic distance (K2P) among Cytb haplotypes of Monodelphis was 14.37%, ranging from 9.16% (between M. osgoodi from Bolivia and M. peruviana from several locations in Peru and Bolivia) to 21.41% (between M. domestica from several Brazilian biomes and M. handleyi from Peru; Table 2 ). The average distance among the populations within species ranged from 0.20% in M. reigi to 4.70% in M. peruviana (Fig. 3a) . Fourteen haplotypes (Ha-Hn) in 16 exemplars were found for IRBP, with a high haplotype (h 5 0.983 6 0.028) and low nucleotide diversity (p 5 0.01391 6 0.002). The average distance among haplotypes was 1.4%. Haplotypes g and h were shared for more than 1 individual. Haplotype g occurred in 2 exemplars of the same locality of the Cerrado, and haplotype h was observed in 2 opossums from nearby localities in the Caatinga (Table 1) .
Population data for Monodelphis domestica.-Thirty-four Cytb sequences were obtained from M. domestica, 28 from 5 localities of the Brazilian Cerrado (Colinas do Sul, Fazenda Regalito, Ipameri, Minaçu, and Niquelandia), and 6 from 3 mesic enclaves of the Caatinga (Ibiapaba, Vertentes, and Vasconcelos Sobrinho). These specimens showed 20 distinct haplotypes, 14 from the Cerrado and 6 from the Caatinga (Table 1 ). For IRBP 3 specimens from Cerrado localities (Colinas do Sul and Niquelandia) and 2 specimens from Caatinga localities (Vertentes and Vasconcelos Sobrinho) were analyzed. Two specimens of the Cerrado and the two individuals from Caatinga shared the same haplotype (Table 1) .
Using Cytb sequences only, the ML (Fig. 2) , BI, and MP analyses recovered 2 regional groups, 1 with haplotypes from Cerrado and the other with haplotypes from Caatinga. The spatial organization of these 34 individuals was analyzed using a haplotype network (Fig. 4a) , which showed 19 mutational steps separating the Cerrado and Caatinga clusters.
AMOVA (Table 3) indicated that most of the genetic variation in M. domestica cytb is explained by the divergence of Cerrado and Caatinga populations. Differentiation among these regional groups (W CT ) was significant, as expected given their almost perfect allopatry. Differentiation of populations within regions (W ST ) also was high, indicating that they are geographically structured. A Mantel test showed significant correlation (r 5 0.895, P , 0.01) between genetic and geographic distances, further corroborating the existence of geographic structure. A multimodal mismatch distribution (Fig. 5a ) revealed that the populations are in demographic equilibrium (Rogers and Harpending 1992) .
Population data for Monodelphis brevicaudata.-Ten Cytb sequences were obtained for M. brevicaudata from 7 localities in the Amazon (2 from Brazil, 3 from Guyana, 3 from Venezuela, and 2 from French Guiana). These 10 individuals showed 7 haplotypes (H4-H10). The 3 exemplars from Venezuela shared the same haplotype (H7), as did the 2 from Brazil (H8). In Guyana and French Guiana each exemplar had a unique haplotype (Table 1 and Fig. 2c ). These specimens exhibited high sequence (.4%; Fig. 3a) and haplotype (h 5 0.911 6 0.077) divergence, but low nucleotide diversity (p 5 0.03979 6 0.006).
AMOVA on the 4 populations yielded a significant value of W ST (Table 3 ). Mantel's test on genetic and geographic distances indicated that the populations are geographically structured (r 5 0.70, P 5 0.001), and a multimodal mismatch distribution (Fig. 5b) showed that they are in demographic equilibrium.
The grouping of the M. brevicaudata populations according to their geographic origin can be seen in the molecular tree (Fig. 2c) . The divergence of these populations was also very clear in the network analysis (Fig. 4b) , with animals from French Guiana and Brazil clustered together and separated from the Guyana and Venezuela individuals by 35 mutations. The average genetic distance within French Guiana and Brazil was 0.39%, and within Guyana and Venezuela, 0.65%. The average genetic distance between the groups was 5.90%.
The third exemplar from Guyana (AJ606462) is positioned at the base of the M. brevicaudata clade, as sister to the other haplotypes (Fig. 2c) , and separated from them by a considerable number of mutations (Fig. 4b) . Its average distance was 6.63% from the Brazil and French Guiana group and 7.22% from the Guyana and Venezuela group.
Population data for Monodelphis dimidiata.-M. dimidiata (6 exemplars, all from the Pampa) showed 4 Cytb haplotypes, of which 2 were from Charqueadas, 1 from Riozinho, and 1 from Terra de Areia (Table 1) . These specimens exhibited low sequence divergence (,0.3%; Fig. 3a ) and nucleotide diversity (p 5 0.00685 6 0.001) but high haplotype divergence (h 5 0.933 6 0.122). Specimens from Charqueadas and Terra de Areia (approximately 40 km apart) had distinct IRBP haplotypes (Table 1) .
AMOVA showed no structure within or among populations, nor were the values significant for regional groups (Charqueadas versus Terra de Areia + Riozinho; Table 3 ). A multimodal mismatch distribution (not shown) indicated that populations are in demographic equilibrium.
Population data for Monodelphis kunsi.-The 7 exemplars of M. kunsi showed 4 Cytb haplotypes, with haplotype H35 (Table 1, Fig. 2a ) shared by 4 specimens from 2 Cerrado localities. The 3 other M. kunsi individuals (from Niquelandia) had unique haplotypes. One specimen from Colinas do Sul and 1 from Niquelandia each had unique IRBP haplotypes (Table 1) .
AMOVA results were not significant ( Table 3 ), indicating that the populations are not structured. These specimens exhibited 0.28% sequence divergence (Fig. 3a) , with haplotype and nucleotide diversity values of 0.714 6 0.002 and 0.0028 6 0.0009, respectively. The mismatch distribution (not shown) exhibited a unimodal peak suggesting an expanding population.
Species relatedness.-The ILD test did not reveal significant incongruence between mitochondrial and nuclear genes (P 5 1.000), so they were pooled to form a concatenated 1,770-bp fragment. However, because the majority of Monodelphis taxa have been studied using Cytb only, we also performed an analysis of this gene alone to obtain more comprehensive sampling. In the 640-bp fragment of Cytb, 243 sites were variable and 219 were parsimony informative. Of the latter, 34 (15.52%) were at 1st positions, 7 (3.20%) were at 2nd positions, and 178 (81.28%) were at 3rd positions. In the 1,162 bp of IRBP 68 sites were variable and 38 were parsimony informative. Of the latter, 6 (15.79%) were at 1st positions, 4 (10.53%) were at 2nd positions, and 28 (73.68%) were at 3rd positions.
The ML analysis of the Cytb fragment used the general time reversible model with invariable sites and gamma-distributed among-site rate variation (GTR + I + G) selected by MODELTEST. Under this model, the base-frequency parameters were A 5 0.31790, C 5 0.26069, G 5 0.12121, and T 5 0.30020; the value of the gamma shape parameter a was 0.638; and the proportion of invariable sites was 0.390.
In the ML tree ( Fig. 2a ) all exemplars were allocated correctly to species. Each Monodelphis species appeared monophyletic, with most groupings well supported. An ML analysis with a summary of relationships among species is shown in the complete haplotype tree (Fig. 2) . MP analyses (not shown) did not conflict with ML or BI topologies but were unable to resolve relationships among haplotypes. In all analyses M. emiliae was sister to the other Monodelphis species (node I in Fig. 3a, but with low support) . Node I includes 2 branches, 1 of them (II) having a Pampean species FIG. 3.-a) ML tree for the complete Cytb sequences, showing only 1 terminal branch per species. Numbers above and below branches are maximum-likelihood bootstrap (.50%) and Bayesian posterior probabilities (.50%), respectively. Boxes enclose clades II, IIa, III, and IIIa. Numbers after the species names correspond to the intraspecific genetic variation (i.e., average Kimura-2-parameter distances, as percentages), and symbols represent the biomes of the exemplars. b) ML phylogeny of the concatenated Cytb + IRBP sequences. Numbers above or adjacent to the branches are ML bootstrap percentages (.50%). In parentheses are the voucher numbers of the analyzed specimens. Marmosa murina and Micoureus demerarae were outgroups.
(M. dimidiata) as sister to a well-supported clade of M. brevicaudata (from the Amazon), M. domestica (which occurs in several biomes), and 2 unidentified Amazonian species. The other branch (III) has a species from the Cerrado biome (M. kunsi) as sister to a well-supported clade of 5 Amazonian species.
The species grouped at node II of Fig. 3a show an average genetic distance of 8.20% and those at node IIa an average distance of 5.90% (Table 2 ). The Pampean M. dimidiata diverges from clade IIa by an average of 18.56%. The assemblage joined at node III shows an average distance of 11% and the 4 Amazonian species (node IIIa) an average of 8.93%. M. kunsi diverges from the latter clade by 15.75%. The average distance between M. emiliae and all other species is 18.45%.
Monodelphis peruviana, M. reigi, M. osgoodi, and M. handleyi were excluded from the ML tree (Fig. 3b) that resulted from analyses of concatenated Cytb and IRBP because no IRBP sequences were available. In this tree Monodelphis appears to include 4 major lineages whose interrelationships are not resolved. One contains M. emiliae, 1 contains M. kunsi and M. adusta (node III from Fig. 3a) , 1 contains M. dimidiata, and the last (corresponding to node IIIa from Fig. 4a ) contains M. brevicaudata, Monodelphis sp. 1 and sp. 2, and M. domestica.
The topologies of the trees resulting from analysis of IRBP gene sequences alone (not shown) were similar to those observed in the IRBP + Cytb analyses. M. theresa was unresolved with respect to the other species.
DISCUSSION
Population data.-This study involved population analysis of 4 species of Monodelphis. On the basis of Cytb sequences, M. domestica and M. brevicaudata were found to be geographically structured, but M. dimidiata and M. kunsi showed no such structure.
Monodelphis domestica and Monodelphis brevicaudata.-Commonly known as the gray short-tailed opossum and treated as if it were monotypic, M. domestica inhabits the Pantanal and Cerrado biomes of Bolivia, Paraguay, Argentina, and central and northeastern Brazil (Gardner 2005; Pine and Handley 2007) . We caught M. domestica at 5 localities in Cerrado and in 3 adjacent wet enclaves surrounded by Caatinga (''Brejos de Altitude,'' placed in plateaus at altitudes of 500-1,100 m with high levels of rainfall). M. domestica populations from Cerrado and northeastern Brazil were geographically structured (distances between collection points in the Cerrado and Caatinga biomes were approximately 1,500 km). The levels of divergence among individuals from these biomes suggest that M. domestica could be a composite taxon; it shows about 1.5 times more intraspecific genetic variation than is found in most didelphids (Baker and Bradley 2006) .
FIG. 4.-a)
Median-joining network for Cytb haplotypes of M. domestica. Circle sizes are proportional to haplotype frequencies; numbers inside circles correspond to haplotypes; numbers above or adjacent to the branches indicate the number of base changes between connected haplotypes. b) Median-joining network for Cytb haplotypes of M. brevicaudata. Circle sizes are proportional to haplotype frequencies; numbers inside the circles correspond to haplotypes; numbers on or adjacent to the branches indicate the number of base changes between connected haplotypes. On the top side is the eastern group (individuals from Brazil-BRZ and French Guiana-FRG), and on the underside is the western group (individuals from Venezuela-VNZ and Guyana-GUY).
Monodelphis brevicaudata, the northern red-sided opossum (Gardner 2005) or Guianan short-tailed opossum (Pine and Handley 2007) , occurs in Venezuela south of the Orinoco, the Guianas, and adjacent Brazil (east of the Rio Negro and north of the lower Amazon River). M. brevicaudata was reviewed by Voss et al. (2001) , who limited the name to the populations of the Guianan subregion of the Amazon (northern South America) and described 2 phenotypes. A bicolored morph was restricted to the interfluvial region between the lower CaroniOrinoco in northeastern Venezuela and the lower MazaruniEssequibo in northwestern Guyana. A tricolored morph was collected in French Guiana, Surinam, Guyana, Guianan Venezuela (south and east of the Orinoco), and Guianan Brazil (north of the Amazon and east of the Rio Negro). Our investigation of Cytb separated M. brevicaudata specimens into 2 groups according to their geographical origin. One group includes specimens from Guyana and Venezuela (Potoro-Sipurami, Barima-Waini, and Caroni), which lie within in the distribution area proposed by Voss et al. (2001) for the bicolored morph. The other group includes individuals from French Guiana and Brazil that are in the distribution area proposed for the tricolored morph (Saül and Macoura, French Guiana; Tartarugalzinho, Amapá state, Brazil- Voss et al. 2001 ; Fig. 1 ). The animals from Baramita, Guyana are sister to these 2 groups (Fig. 2c) . In addition, genetic divergences within these groups (Figs. 2c and 4b) are consistent with intraspecific variation, but the distances between them are consistent with those proposed for distinct species of didelphids. We suggest that M. brevicaudata, as currently recognized, might include additional species, perhaps M. touan, the oldest available name for any tricolored form (Voss et al. 2001 ).
Monodelphis dimidiata and Monodelphis kunsi.-Monodelphis dimidiata (yellow-sided opossum) differs from other didelphid species by having a restricted distribution, extending from southern Brazil and Uruguay (bounded by the Atlantic Forest in southern Brazil and by the Pampa region in Brazil and Uruguay) to northeastern Argentina. The lack of structure shown in this study could be due to small sample size or the proximity of collection points. Few data can be found in the literature on M. dimidiata, but the International Union for Conservation of Nature (2009) indicates that no major threats exist to the species, although numerous populations are threatened by conversion of habitat for agriculture and livestock.
Monodelphis kunsi, the pygmy short-tailed opossum, is rare and poorly studied (Emmons 1998; Mares et al. 1989; Vargas et al. 2003) . It is found in a variety of habitats, including forest and Cerrado, and is thought to be widespread with locally low densities. Until 2001 this species was considered endangered by the International Union for Conservation of Nature but is currently listed as least concern. Of the species we studied, M. kunsi had the least genetic variation. We collected it in Cerrado, a biome that, since the mid 1980s, has experienced rapid habitat change due to human activity such as the spread of soybean plantations.
Species relatedness.-The 92 Monodelphis individuals were unambiguously assigned to species. ML and BI analyses of Cytb + IRBP produced almost identical trees with similar bootstrap values (Figs. 2a, 3a, and 3b) , generating a resolved phylogeny with several strongly supported clades. However, when the MP method was used, several polytomies were observed.
Two major clades were observed (Figs. 2a and 3a) , to which M. emiliae is the sister in Cytb trees. One of these (node II in dimidiata at the base with a low bootstrap value. In the concatenated tree (Fig. 3b ) these species also appear as a clade, but the position of M. dimidiata is not resolved. Although included in a primarily Amazonian clade, the genetic distance of M. dimidiata from other species of the group (16.62%) was higher than the average for other didelphid species analyzed and the average for node II. The node IIa assemblage also includes 2 unidentified Monodelphis individuals that we collected in the Amazon (Monodelphis sp. 1 from Surumú, Roraima state and Monodelphis sp. 2 from Pacaás, Rondônia state). These taxa, besides being weakly grouped with M. domestica, show a genetic distance from each other that suggests that they belong to distinct (probably sister) species. Their true taxonomic position, however, should be reviewed when a morphological description is available.
The other major clade in Figs. 2a and 3a (node III) consists of species from the Amazon of northern South America that were sequenced by Lim et al. (2010) , Patton et al. (1996) , and Solari (2007) : M. peruviana, M. handleyi, M. osgoodi, M. reigi, and M. adusta. In previous studies these species also were found to be closely related. Among the node III taxa only M. adusta and M. kunsi were included in the concatenated analysis, but they were grouped with better support than from Cytb alone.
The only taxon whose relationships could not be established in our analysis was M. emiliae (Emilia's short-tailed opossum). In the ML and BI trees for Cytb this species is positioned at the base, but with low bootstrap values. In the concatenated tree it appears as part of a basal polytomy. Lim et al. (2010) observed, in a tree generated from Cytb, that M. emiliae positioned with low support (53%) in a polytomy with M. kunsi and the M. adusta complex.
The low intraspecific variation values we found in Monodelphis species are comparable with those reported by Baker and Bradley (2006) , except for M. brevicaudata and M. peruviana, which showed higher percentages (possibly suggesting cryptic species). The extensive sequence divergences among nonsister species observed in our study (.15%) are similar to those described by Patton and Costa (2003) and Steiner and Catzeflis (2004) . Lim et al. (2010) also observed high values between M. reigi and nonsister species, up to 20.2% with M. brevicaudata (bicolored specimens). As pointed out by Patton and Costa (2003) , high divergences in this and other didelphid genera (Philander, Marmosa, and Monodelphis, for example) suggest substantial ages for these taxa.
Few studies have specifically aimed to clarify the phylogeography and relationships among species of Monodelphis. Patton and Costa (2003) used Cytb and MP analysis to determine relationships among 25 individuals from 8 species of Monodelphis. As in our study, these authors found an unresolved tree. Steiner and Catzeflis (2004) analyzed Cytb sequences (not deposited in GenBank) to elucidate the relationships between M. adusta, M. americana, M. brevicaudata (the only one deposited), M. emiliae, M. glirina, and M. scalops. Like us, Steiner and Catzeflis (2004) observed that M. emiliae occupied a basal position, and M. brevicaudata was more derived than M. adusta. Different results were obtained by Voss and Jansa (2003) with IRBP sequences from M. adusta, M. emiliae, M. theresa, and M. brevicaudata. These authors found M. adusta and M. emiliae to be sister groups, but with low bootstrap support, and M. brevicaudata was placed in a polytomy.
Our results show different patterns of geographic structure among populations of 4 species of Monodelphis. This may be due to factors such as the occupation of single versus several biomes, different times of origin, or distinct territorialdispersal patterns in these species. However, low intraspecific variation and extensive divergence among nonsister species, observed here and in previous studies, suggest that regional haplogroups could be cryptic species with substantial age. These are questions that deserve further investigation in a study that includes all species of the genus. 
RESUMO
Monodelphis (gambás de cauda curta) é o mais speciose gênero de marsupiais da América do Sul, com espécies distribuídas desde o Panamá até a Argentina. O objetivo do presente estudo foi analisar os níveis e padrões de variação genética em M. brevicaudata (gambás de cauda curta da Guiana), M. dimidiata (gambá de flanco amarelo), M. domestica (gambá de cauda curta cinza), e M. kunsi (gambá-pigmeu de cauda curta), utilizando seqüências do gene mitocondrial citocromo b (CitB) e do gene nuclear da proteína de ligação do interfotorreceptor retinóide (IRBP) de indiví-duos amostrados nos biomas Amazônia, Cerrado, Caatinga, Mata Atlântica e Pampa, no Brasil. Também foram analisados as relações entre as espécies utilizando seqüências de nove espécies de Monodelphis depositadas no GenBank, provenientes de três localidades do Brasil e 17 de outros países sulamericanos. M. domestica e M. brevicaudata mostraram estruturação filogeográfica, mas M. dimidiata e M. kunsi não. As árvores filogenéticas estimadas pelos algoritmos de máxima parcimônia, máxima verossimilhança e Bayesiano apresentaram topologias semelhantes. As análises de genes individuais produziram resultados comparáveis, mas os loci conjugados geraram árvores com maior suporte estatístico. Todos os haplótipos de Monodelphis foram monofiléticos, com M. emiliae (gambás de cauda curta de Emília), posicionando-se como irmã de todas as outras espécies, as quais arranjaram-se em dois grupos. M. brevicaudata (da Amazônia) formou um clado bem suportado com M. domestica (que ocupa vários biomas) e duas espécies amazônicas não identificadas. O outro ramo tem M. kunsi (do Cerrado) como irmã de um clado bem suportado composto por cinco espécies da Amazônia.
